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ABSTRACT: Intensity-Hue-Saturation (IHS), Brovey Transform (BT), and Smoothing-Filter-Based-Intensity 
Modulation (SFIM) algorithms were used to pansharpen GeoEye-1 imagery. The pansharpened images were then 
segmented in Berkeley Image Seg using a wide range of segmentation parameters, and the spatial and spectral 
accuracy of image segments was measured. We found that pansharpening algorithms that preserve more of the spatial 
information of the higher resolution panchromatic image band (i.e., IHS and BT) led to more spatially-accurate 
segmentations, while pansharpening algorithms that minimize the distortion of spectral information of the lower 
resolution multispectral image bands (i.e., SFIM) led to more spectrally-accurate image segments. Based on these 
findings, we developed a new IHS-SFIM combination approach, specifically for object-based image analysis 
(OBIA), which combined the better spatial information ofIHS and the more accurate spectral information of SFIM to 
produce image segments with very high spatial and spectral accuracy. 
1. IMAGE PANSHARPENING AND SEGMENTATION 
1.1 Introduction 
A large number of pansharpening algorithms have been developed in recent years. Some preserve almost all of 
the spatial details in the panshromatic (PAN) image band but significantly distort the information in the multispectral 
(MS) bands, while others preserve more accurate MS information at the cost of some reduction in spatial information. 
In this study, we developed a new hybrid pansharpening approach that allows for better spatial and spectral 
information to be extracted from an image. In this paper, we give the most important information about our hybrid 
pansharpening method. For further details, readers are referred to Johnson et al. (2012). 
1.1 Methods 
GeoEye-1 imagery was acquired of a rural area and a forested area in Ishikawa Prefecture, Japan. The 
imagery contained four 2m resolution multispectral (MS) bands and a 0.5m panchromatic (PAN) band. We 
pansharpened the two images using the four-band IHS algorithm given by Tu et al. (2004) because it was shown to 
lead to spatially-accurate image segmentation (Johnson et al., 2012). The pansharpened images were segmented in 
Berkeley Image Seg using approximately 100 different segmentation parameters. To identify the most 
spatially-accurate segmentation (i.e. the one with the best spatial match between image segments and real-world 
objects of interest), we calculated the similarity between image segments and manually-digitized reference 
polygons using the "D Metric" (D) from Clinton et al. (2010). For the rural image, reference polygons were 
digitized for buildings and individual trees, and for the forested image we digitized reference polygons of individual 
diseased trees. For each pansharpened image, the segmentation with the lowest D value was chosen as the most 
spatially-accurate segmentation. Since IHS pansharpening significantly distorts the MS information, we replaced 
the IHS spectral information of image segments ( e.g. mean values for each band) with the spectral information from 
a SFIM (Liu, 2000) pansharpened image. SFIM introduces very little spectral distortion to the MS bands, but is not 
as efficient as IHS for preserving the spatial details of the PAN band, making it less appropriate for image 
segmentation (Johnson et al., 2012). The end result was a segmented image with higher spatial and spectral 
accuracy than what could be obtained using a single pansharpening method alone. Figure 1 shows a graphical 
representation of the hybrid IHS-SFIM approach. 
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Figure 1. Graphical representation ofIHS-SFIM pansharpening approach. IHS image is used for segmentation to 
derive polygon boundaries of objects of interest, and SFIM spectral information is extracted for each of these 
polygons (rather than IHS spectral information). 
2. CONCLUSIONS 
To combine the high spatial accuracy of IHS segments with the high spectral accuracy of SFIM pansharpened 
imagery, we proposed a hybrid approach developed specifically for OBIA that involves (i) overlaying the segment 
boundaries from the IHS image segmentation onto a SFIM image and (ii) deriving the spectral values for image 
segments (mean DN for each spectral band) from the SFIM imagery. We recommend users planning to process 
images with PAN and MS bands using OBIA to pansharpen the imagery themselves (rather than purchase 
pansharpened imagery directly from the image vendor) so that they can incorporate multiple pansharpening 
methods for their analysis. Finally, since image classification often follows image segmentation in OBIA, future 
studies are needed to quantitatively assess the impact that different pansharpening algorithms and our proposed 
hybrid approach have on classification accuracy. 
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